MEMBRANE FABRICATION
Silicon-Rich silicon Nitride membranes ( Figure 1 ) were fabricated by standard lithography techniques. A double side polished wafer was RCA cleaned and a 100nm thick layer of low-stress Silicon Nitride( 250MPa) was deposited by LPCVD. A sacrificial layer of silcon nitride was deposited through PECVD. An Inductively Coupled Plasma (ICP) etching was performed on the backside after lithography to remove the LPCVD SiN layer but keeping intact the one on the front side protected by the PECVD SiN. The release of the membrane structures was done by KOH etching (4.5h) which defined the clamping of the membranes and then the protective PECVD SiN was removed through HF etch. The membrane side lengtsh are 1000µm. The Ellipsometry experiments were run using these settings: -Angle scan : 65 to 85 degrees -Wavelngth 632nm -Beam diameter 2mm.
The measuement were repetated 3 times on each samples spinning curves are reported in Figure s2 and the thickness of the polymer layer measured also by stylus profiler is shown in figure s3, 
TIME CONSTANT
The value of the thermal time constant was evaluated as described elsewhere[1] for different polymer coatings both in high vacuum and in low vacuum. Higher thickness, led to a higher time constant. High vacuum measurement yields a higher value of time constant Figure s4 . The results are discussed in the main manuscript. 
CHARACTERIZATION OF THE QCL LASER SOURCE
The QCL power spectra is shown in figure s5 Figure s5 QCL laser power curve at 1% DC and 4% duty cycle (DC). It can be noted that the power does not scale linearly. This is due, according to the manufacturer specification to an overheating of the device which influences the linearity of the output. The power spectra at 4% DC are recorded with a coarser quantization (10cm -1 ). One of the factors that determines the limit of detection (LOD) for the NAM-IR spectroscopy is the resonance frequency measurement precision, which can be estimated through the Allan deviation (AD) [2] . We measured the Allan deviation for an uncoated membrane at rest, and for 20 and 100nm PVP coated membranes when subjected to the IR light. We performed the measurements both in high vacuum (HV) and in low vacuum (LV).
s5

ALLAN DEVIATION MEASUREMENT
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The Allan deviation ( ) is higher for HV and this is probably due to the higher sensitivity (1 ) of the membrane sensor to the fluctuations of the IR source. Finally, we also noticed an increase in the noise for increasing amount of material deposited.
The AD values need to be discussed from a spectroscopy perspective. The optimal integration time is limited by the thermal time constant . To properly define the LOD we must consider the AD for an integration time . In the light of this, we notice negligible < differences between 20 nm coated and uncoated membranes. Instead, considering 100nm coated membranes at the optimal integration time for 1mbar and 10 -5 ( = 5 and 35 mbar respectively) the AD values are in the order of 3ppm and 5ppm. These figures show that the NAM-IR signal keeps a linear behaviour for an increasing incident power measured for two different absorbing wavelengths and for an increasing coating thickness (fixed incident power,1.2 mW at 1680cm -1 ). The lower sensitivity of the system at 1290cm -1 is due to the lower absolute absorption of the sample for that specific wavelength.
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NAM-IR SIGNAL POST PROCESSING
The NAM-IR spectra are caused by the release of the initial stress of the membrane resulting in a negative resonance frequency shift. For the sake of clarity, the spectra are finally mirrored on the horizontal axis. The following operation are carried out on the raw spectra. 1) Averaging (figure s8a-b) The QCL laser source (Block-Engineering) used in this work has a laser linewidth of 2cm -1 . The QCL sweeps stepwise the investigated wavelength range with a step size of 0.5cm -1 . According to the sweeping speed, the dwell time is automatically regulated. The dwell time has to be higher than allowing the membrane 3 to reach the steady value upon IR absorption. The PLL bandiwth was set at 500Hz for all the recorded spectra, ensuring an integration time of 1.5ms or lower the sampling frequency was set at 3600sample/sec. For high vaucm measuremnt ,the QCL dwell time was reduced to match the thermal time constant of the device and the integration time of the PLL was set to 7ms. The raw data are averaged with a moving average filter as shown in figure 8a-c. The width of the averaging window was chosen to match the laser linewidth of the QCL source. 
2) Removal of Silicon Nitride Background
The non-linearity of the laser source (figure s5) is reflected in the NAM-IR spectra. Despite the high transparency in the mid-infrared region, the fingerprint of the laser can be seen in the raw spectra (figure s9). The multiple local minima of the QCL are clearly visible in the different spectra acquired.
Although the region from 1150cm -1 to 1953 cm -1 the photothermal absorption is negligible, the fingerprint of their source is reflected in the spectra. The NAM-IR spectra of a blank membrane are subtracted from the spectra of the investigated material. The background of SiN is more evident in measurements on thin coatings where the relative frequency shift due to the sample is in the same order of magnitude as the relative frequency shift of the background. The subtraction of the background becomes necessary when the thickness of the investigated material is in the 10s of nm range. Finally a baseline correction is done as showed in figure s10. 
3) Signal and Noise calculation
For evaluating the signal and the noise we used the same approach for ATR and NAM-IR.
The signal to noise ratio of the spectra was evaluated considering as noise the standard deviation of the portion of the spectra ranging from 1800 to 1953cm -1 where there is no absorption of the investigated material (Figure2 of the main manuscript).
As a signal, we used the amplitude of the peak from the carbonyl bond located around 1680cm -1 . All the calculations were performed after baseline correction. Here we have reported, as proof of concept, the portion of the NAM-IR spectra calculated on a 40nm PVP coated membrane measured at 10 -5 mbar. ATR SPECTRA POST PROCESSING ATR-FTIR spectra are acquired with (Perkin-Elmer Spectrum-100) equipped with a broadband IR source of 5mW. The spectra are acquired with two different spectral resolutions; 4cm -1 and 2cm -1 . Higher values of the resolution did not provide reliable data due to the very low SNR. It is known that SNR increases for coarser resolution and for longer acquisition time [3] . The amplitude was corrected for compensating the difference in the penetration depth, the function of the incident wavelength. The sample background of the Silicon substrate is removed (figure s11). The signal to noise ratio is then evaluated using the same criteria defined for NAM-IR spectra.
The absorbance ATR spectra of figure 4c has been rescaled in ppm for comparison purposes. The absorbance values ( have been normalized to the absorbance at 1150 ) cm -1 ( )where no peaks occurs.
-1
Normalized IR absorption (ppm) = A ω -A 1150cm 
Where:
k is the thickness -weighted average of the thermal conductivity of the resonator and the polymer -sample h is the thicnkess of the resonator and sample σ 0 is the thickness -weigthed average of the initial stress E, is the thickness weighted average of the Young ′ s Modulus of the resonator and the polymer film α is the thickness weighted average of the thermal expasion coefficient of the resonator and the polymer film
Considering a membrane resonator coated with 20 nm of PVP characterised by a time with an integration time of 1.5ms the AD values is 2 ppm hence the absorption power LOD is 4.3nW.
For calculating the absorbed power, the thermomechanical parameters reported in The thermal and mechanical parameters of the are averaged correspondingly to the sample and membrane thickness. The absorption power spectra for a 20nm membrane at 10 -5 mbar is shown in (figure s12). The shades represent 5 times the standard deviation of spectra recorded on 4 different membrane coated chips. 
FINITE ELEMENT MODELLING
The temperature shift due to the light absorption is evaluated through a finite element model. We simulated the thermal transport throughout the entire device: bodychip and membrane resonator. The heat transport was assumed to be purely conductive throughout the device. A multi-layered structure was simulated to predict the heat transport in the presence of the PVP coating. The thermal properties of the PVP can be found elsewhere [6] .
At the boundary, the temperature was set at 293.15K, and the heat source was placed in the centre of the membrane. The temperature reached for each absorbed power were calculated by solving the heat transport equation and the corresponding wavelength dependent temperature field is evaluated (figure s12). The highest temperature reached matches with the absorption at 1680cm -1 of the carbonyl bond, and it is around 294K well below the glass transition temperature of the PVP which is around 453K [7] .
Using the same approach we were able to define the noise equivalent temperature of 3mK, considering the standard deviation of the absorbed power spectra in the region where no absorption occurs. PVP density is 1.3 pg um -3 , Sampling volume is 1.25 µm 3
The sampling mass is 1.66pg of PVP corresponding to roughly 4 attomol. Considering the PVP Mw is 360kDa. 
